FACILITY FORM 602

v National Aeronautics and Space Administration

Goddard Space Flight Center
Contract No.NAS=5-3760

ST — IGA — 10 422 NASA TT F-9912

VERIFICATION OF A HYPOTHESIS CONCERNING THE

N66-13299

TYPE -3 C 273 RADIOSOURCRES

by
Marin Kalinkov &
Lubomic Sadowsky

(ACCESSION NUMBER)

{PAGES)

(FRANCE]
(THRU) GPO PRICE $
/
(GODE) CFSTI PRICE(S) $

{NASA CR OR TMX OR AD NUMBER)

(CATEGORY) / ; M

Hard copy (HC)

Microfiche (MF)

# 653 July 65

3 DECEMBYER"' 1965

3 A



v NASA TT F-9912
ST — IGA — 10422

VERIFICATION OF A HYPOTHESIS CONCERNING THE
TYPE=-3 C 273 RADIOSOURCES*

Compife‘s-Rendﬁxs‘ de by Marin Kalinkov
1'icadénie des Sciences & Lubomic Sadowsky
T, 260, pp.4917 - 4920

Paris, 10 Mai 1965

SUMMARY . (32 77 ¢

This is a statistical verification of the hypothesis according
to which the sources of energy produced from type-3 C273 radiosources
are stars exploding as supernovae. Brightness observations of 3 C273
allow to obtain the number N of stars that explode per day, 0.5 <N 1.
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There exist several variants of the hypothesis whereby the nature
of radiosources of the type 3C 273 might be explained by the explosion of
supernovae, or at least of objects liberating an energy of the ordexr of
magnitude of a supernova.

Burbridge [1] assumed that for the enormous stellar density in
the cores of the powerful extragalactic sources a trigger mechanism indu-
ces the explosion of stars as if they were supernovae. &ccording to (2]
Woltjer, the release of energy by type-3C 273 radiosources may be explai-
ned by admitting a stellar collision attended by energy liberation of the
order of magnitude of a supernova., According to [2], and more particularly
to the Hoyle discussion, the number of collisionsis 103 per annum. The
stellar collisions which liberate an energy of 2 e lOL'9 erg have been con-
sidered by Ulam and Walden [3]. The work by Field [4] is more detailed.
This author studied the statistical character of brightness variations of
3C 48, He considers that 100 supernovae explode annually.

It is possible to make a statistical evaluation of the hypothesis
considered, according to which the energy sourcesof radiosources represent

in fact objects liberating an energy of the order of magnitude of/asupernova.

* Vérification d'une hypothése concernant les radiosources du type 3C273.



Let us assume that N supernovae explode during a time interval At
ag8 an average. Their number follows in the various time intervals a Poisson
distribution. One may easily obtain for a specific value of N the correspond-
ing probabilitizs of realization in a given time interval of N—-k(k:;, 2, ., N)
and N+ k(k=o,1,...) explosions

—N N
p(;v):c m?‘ (r=0,1,2,...).

On the other hand, if we admit a certain calibration curve of super-
novae after the explosion, we may find the average emission for the object
of which the produced energy is obtained during the explosion of the super-
nova., Therefore, if there are in the time interval At N t k (k & 0)
explosions and not N, we may determine the corresponding variation relative
to the mean brightness. '

We have assumed the following model of brightness variation of super-
novae. The supernova acquires instantaneously the maximum brightness, fol-
lowed by a decrease of brightness by Oelmg per day in the course of three
minutes after the maximum. For the following 5 minutes the variation is=s
4+0.02 mg per day. Thus we consider the supernova until the 280th day after
its explosion. In its general order our model is in agreement with the ob-
servations of supernovae (lst type) [5] and also with other observations.

Let us consider the stationary case of N stars in the interval At,
(At =1 day). If we assume that the average brightness curve is represented
by the sum of brightnesses of stars having exploded at the moment of time
immediately preceding the explosion of the following star, we will be in the
position to write for the mean brightness :

0N 20N
. R , e
ap=A{ N T+ e ,
. vt w=1

where A is the true brightness of a supernova at its maximum and logp = 0,4.
The fundamental hypotheses which we propose to verify are N = 30,

10, 5; 3, 1, 0.5 and 0.1 stars per day. For a given value of N we may,

after having computed the mean bfightness, find the brightness for the case

where N + k stars would have exploded. In the final analysis we shall

determine the corresponding variation of drightness expressed in stellar

~ magnitudes measured starting from the mean brightness. Tables of probabilities
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according to [1] were given for the values of N i k., For N=0,5 and 0,1
stars per day we have computed the p (z) corresponding ones, normalized to
the unity, by means of the function I[.

Fig. 1l reproduces the final results for brightness differences expres-
sed in stellar magnitudes, of the mean brightness for the different hypotheses.
It is clear that the differences must be least for N = 30 and greatest for
N == 0,1 stars per day. The same figure gives us the possibility of finding
the most convincing hypothesis by means of observation data. Because of im-
portant variations of Am for N=0,5 and O.l, certain points of these cur-
ves may be disconnected, as is shown in dashes in the figure : the intermediate
probabilities are, however, not equal to zero. We may obtain the nearest
discrete values if we carry out calculations for p (x) with N=0,5 and 0,1
by sections of Am smaller than 0,1 mg,

We utilized the observations of 3 C273 published in [6, 7, 8]. We
thus found in [6] the observations by Smith and Hoffleit. The comparison
between the photometric systems indicates that therﬂ%o important difference
“of any kind. Unfortunately, the observations of [9] differ strongly by the
photometric system utilized. Nor can we take advantage of the precise photo-
electric observations of [10]. The total number of observations utilized
is 291. _

The final frequency curve is rattached to Am= 0 (the mean value of
observations is m = 12.60 mg). We may see that the observation curve is lo -
cated between the curves of the hypotheses N=1 and N=0,5. The correspond-
ing frequenfcies to the left and to the right of Am = O for the observations
and for N =0,1, 0.5, 1, 3 and 10 are compiled in Table 1. The frequencies
observed are situated between N= 0,5 and N = 1.

TABLE 1

N Am >0 Am <0
0,1 Ceteeicereenaarsssessss 279 % 72.1 %
0.5 cececrraresassessseres 42,9 57.1
Obs R EEEE I IIE A A I I B N A ‘+6.1 53.9
1 s essecsessssboer e 55.2 41"'8

3 P 0O 8 B O O 0GOSO ORI BSOSO OSSN 53.5 46.5
10 @90 s e rees s s et es oA #9.7 50.3
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CONCLUSIONS AND REMARKS.

l. - If the energy of 3C273 is produced by the explosion of stars
as supernovae, we shall have : 0,5 stars per day < N <1 star per day.
Taking into account the fact that the consumption of energy of radiosources
ie 10" erg/s <E <10°°
‘'~ 5,8 °* losoerg. This energy corresponds, with the approximation of ‘about

erg/s, the energy of an explosion must be of ~

one order of magnitude, to the energy liberated during the explosion of a
supernova. According to Field [4], N =100 stars per year, which constitu-

tes a number close to our results.

2.~ We have assumed in the course of our analysis: a) that super-
novae acquire their maximum brightness instantaneously and b) that the mean
brightness is that of the stationary case at the moment of time preceding
the explosion of the next supernova. In reality, when the conditions a)
and b) are not f£ilfilled, the theoretical curves of Fig., 1 must be drawn
closer around A m =0, This does not modify in any way the final evaluation
of N.



3. - Some of the observation values for the stellar magnitude of
3C 273 which we have utilized revpresent averages of several determinations.
Their influence on the observation curve of Fig.,1l does not alter the eva-
luation of N either.

sxxk THE END =*=%=xa

Astronomical Section
of the
Bulgarian Academy of Sciences, Sofia

Contract No,NAS=-5=-3760 Translated by ANDRE L. BRICHANT

Consultants & Designers, Inc. on 3 December 1965
Arlington, Virginia

REFERENCES

[1].- g‘. R.EURBRIDGE.- Nature’ 190’ P. 1053’ London 19620
[(2].- L. WOLTJER.- Ib. 201, p. 803, London, 1964,
(3).- SeM, ULAM & W. E, WALDEN.~ Ib., p. 1202, London 1964,

(4).- G. B, FIELD,- Ib. 202, p. 786, 196k,
Astrophys. J. 140, p. 1434, 1964,

[5).- W, BAADE & F. ZWICKY.- Astrophys. J., 88, p. 411, 1938.
(6].- E, H, GEYER.~ Z. f. A., 60, p.112, 1964,

{?7].- V. P, ZESSEVITCH.~ Etoiles variables (in Russian), 14 (1963), p.42h,
1964,

[8].- Mo Eo KIPERMANN." Ibo po ""25 (1963>’ 196""0

(9].- A.S. SHAROV & Y, N. YEFREMOV.- Astronom. Zh. Lo, 950, 1953
Izd.,NAUKA Moscow 1963.

[10].- A, SANDAGE.- Astrophys. J., 139, p. 416, 1964,




L 4

. ST— IGA— 10422 [7pp. 80cc]

GODDARD SPACE F,C.

100
110
Loo
610
611

612
613

614
615

640

630
252
256

CLARK, TOWNSEND
STROUD
BOURDEATU
MEREDITH
MeDONALD
ABRAHAM
BOLDT
WILLIAMS
HEPPNER
NESS
KUPPERIAN
MELCHER
MILLIGAN
BOGESS III
DONN
DUNKEIMAN

. WHITE

BEHRING

BAUER

GOLDBERG

STONE

HESS (3]
CAMERON

BRYANT

BURLEY

GI for SS £5]
LIBRARY

FREAS

DISTRIBUTION

SS
SG

SL

SM

RTR
ATSS

NASA HQS

NEWELL, NAUGLE
MITCHELL
ROMAN
SMITH
SCHARDT
DUBIN
LIDDEL
BRUNK
FELLOWS
HIPSHER
HOROWITZ
FOSTER
GILL
BADGLEY
KURZWEG
NEILL
SCHWIND
ROBBINS
SWEET

OTHER CENTERS

A Rc

SONETT 5]
LIBRARY (3]
La RC

160 ADAMSON
185 WEATHERWAX
235 SEATON

JPL

NEWBURN 3]
Do LA

COLEMAN

U C BERKELEY
WILCOX
UNIV.MICHIGAN

ARNOLD
HAPDOCK

MIT
BARRETT

U. TIOWA

VAN ALIEN

U. MINNESOTA
M. R. WEBBER
NO

LIBRARY

2]



